Objectives: To observe the natural time course of noncognitive symptoms before the onset of symptomatic Alzheimer disease dementia.
The natural course of Alzheimer disease (AD) dementia includes hallmark functional and behavioral deficits in addition to cognitive decline. Alternately termed behavioral and psychological symptoms in dementia or neuropsychiatric symptoms (NPS), this heterogeneous array of noncognitive impairment affects an estimated 90% of patients with AD. 1 Earlier studies have shown that with advancing cognitive decline in AD dementia, noncognitive symptoms include apathy, depression, agitation, and aggression, to psychosis. With progressive cognitive and functional decline in AD dementia, the presence of NPS is postulated to represent increased neurodegradation across neural systems. [2] [3] [4] [5] Such NPS have been associated with worse prognosis, accelerated illness progression, increased use of services, and earlier institutionalization. 2 However, variable neuropsychiatric measures and clinical definitions have clouded the true incidence and progression of NPS in patients with AD.
While noncognitive outcomes of AD after incident dementia are increasingly characterized, the relative time course of behavioral and functional deficits before onset of cognitive impairment in AD dementia has been rarely studied. Here, we examined the time course of noncognitive symptoms reported on the Functional Activities Questionnaire (FAQ), 6 Geriatric Depression Scale (GDS), 7 and Neuropsychiatric Inventory Questionnaire (NPI-Q), 8 both in relation to one another and to diagnosis of cognitive impairment. Analyzing data from the National Alzheimer's Coordinating Center (NACC), we followed the course of noncognitive decline for 1,218 participants who were cognitively normal with no positive symptoms on the FAQ, GDS, or NPI-Q at baseline who subsequently progressed to Clinical Dementia Rating (CDR) .0 as well as 1,198 participants who remained CDR 0 throughout follow-up.
METHODS Archival data from the NACC Uniform Data Set (UDS) 9 were used. The UDS is a repository of prospectively collected data from 34 Alzheimer's Disease Centers across the United States supported by the National Institute on Aging. Participants at Alzheimer's Disease Centers take part in a standardized assessment battery to assess for the presence and severity of dementia. Each participant is accompanied by an informant who knows the participant well, usually a spouse, child, or friend. More detailed information regarding the UDS 9,10 and NACC (http://www.alz.washington.edu/) has been published.
Available data of interest spanned from September 2005 (the earliest time of UDS data availability) to the March 2013 NACC "data freeze." Data from persons with a CDR 11 of 0 (indicating normal cognition) at the first visit during this period, who were aged 50 years or older at that visit, and who had at least one additional visit after the initial assessment were included. Exclusion criteria were missing data on any of the demographic variables of interest (age, sex, race, education, and the presence of at least one APO e4 allele). We first identified participants who received a CDR .0 over the follow-up period. CDRs of 0.5, 1, 2, and 3 represent very mild, mild, moderate, and severe dementia, respectively. 11 Frequency matching was used to select a second sample of participants who did not receive a CDR above 0 during the follow-up period, and who were similar to the first sample regarding APO e4 status, age (50-69 years, 70-80 years, .80 years), education (,14 years, 15-17 years, .17 years), and length of follow-up (1-3 years, 4-5 years, 6-7 years).
Outcome measures. The NPI-Q consists of 12 items, each assessing 12 NPS domains. The informant indicates whether each symptom is present (yes or no). For each "yes" response, the informant is then asked to rate the severity of the symptom (mild, moderate, or severe). 8 The GDS (short form) is a screening measure for depression in older adults made up of 15 items. Participants answer "yes" or "no" for each item. 7 The 10-item FAQ assesses whether the participant had any difficulties in instrumental activities of daily living (IADL) (paying bills, shopping, etc.) as reported by the informant. 6 Standard protocol approvals, registrations, and patient consents. Written informed consent was obtained from all participants. Research using the NACC database was approved by the University of Washington Institutional Review Board.
Statistical analyses. Survival analyses were used to examine the development of particular symptoms relative to each other within an assessment instrument, and to compare the development of individual symptoms for persons who did and did not receive a CDR .0 during the follow-up period. Because we were interested in studying the relative time of onset of individual symptoms within an assessment instrument, only data from participants who had no positive symptoms at baseline on that instrument were included in analyses for that instrument. In these analyses, for a particular symptom, the dependent variable was the time from baseline assessment to the first clinical assessment when that symptom was endorsed. Data were censored at the time of last assessment for persons who did not endorse that symptom over the follow-up period. Endorsement of a symptom was taken as a "yes" response on NPI-Q and GDS items, and as any response indicating at least some difficulty (i.e., a response other than "normal") on the FAQ items. Kaplan-Meier survival curves were used to graph the time course of the development of individual NPI-Q symptoms relative to each other, among persons who had no NPI-Q symptoms at baseline. The curves were drawn separately for those who did and did not remain CDR 0 over the follow-up period. Cox proportional hazards models (adjusting for age, sex, education, race, and APO e4 status) tested, within the same sample, whether the time from baseline to the appearance of each NPI-Q symptom differed for participants who did and did not receive a CDR .0 over the follow-up period. Similar analyses were conducted using the GDS and FAQ data.
RESULTS Data from 2,416 participants meeting inclusion criteria were used (table 1) . Almost all (1,184, 97.2%) of the 1,218 participants who developed incident cognitive impairment received a first CDR .0 of 0.5, a rating that indicates very mild dementia. 11 Others were rated CDR 1 (25, 2.1%), CDR 2 (8, 0.7%), or CDR 3 (1, 0.1%). Sixty percent (n 5 736) of participants who received at least one CDR .0 over the follow-up period had at least one additional clinical assessment after receiving the first CDR .0. Among these, and compared with the first CDR .0 received, 447 (60.7%) had no change, 101 (13.7%) progressed to a higher CDR, and 289 (23.7%) regressed to a lower CDR at their last assessment during the follow-up period. Two hundred eighty-seven (99.3%) of those who "regressed" went from a CDR 0.5 back to CDR 0. In our experience, it is common for longitudinally followed participants who will eventually consistently show clear symptoms of dementia (i.e., CDR 1 or greater) to vacillate between CDR 0 and 0.5 over the first few years of the course of the disease.
The order of symptom occurrence on the NPI-Q was similar for participants who remained CDR 0 (figure 1A) and for those who received a CDR .0 (figure 2A) over the follow-up period, although the time to each NPI-Q symptom, other than elation or euphoria, was faster for participants who received a CDR .0 compared with those who did not (table 2) .
Given large numbers of participants, even small absolute differences may be statistically significant, although the results may have little clinical significance. This seems to be the case with our GDS results. Although most differences between the CDR groups were significant at the a , 0.05 level, most group differences on symptoms assessed by the NPI-Q and FAQ were significant at p , 0.001. Likewise, hazard ratio estimates were smaller for GDS symptoms compared with those on the other scales. With one exception, GDS symptoms reported by both CDR groups were similar (table 2, figures 1B and 2B). Both participants who did and did not develop CDR .0 were faster to deny that they were full of energy, to report that they had dropped activities and interests, and to report that they preferred to stay home, compared with the other GDS symptoms. The expected exception was that participants who developed CDR .0 reported more memory problems with time ( figure 2B ). The remaining GDS symptoms occurred relatively infrequently across the follow-up period.
Few persons who maintained CDR 0 status across the follow-up period were viewed by their informant as having any difficulty with IADL, as indicated by responses to the FAQ ( figure 1C) . By contrast, difficulties with IADL were much more likely to occur for those who received at least one CDR .0 (table 2, figure 1C ).
DISCUSSION Our sample demonstrates significant noncognitive declines associated with eventual progression to CDR .0. That participants who progressed to CDR .0 exhibited a greater decline on FAQ items compared with those who remained CDR 0 is consistent with the clinical definition of dementia. Decreased ability to perform functional activities is an essential diagnostic criterion for AD dementia. 12 Therefore, that participants who developed CDR .0 showed significant impairment in IADL such as paying bills, shopping, and preparing meals further supports the clinical dementia diagnosis.
In addition to greater impairment on the FAQ, those participants who developed CDR .0 also exhibited an accelerated decline on the NPI-Q. Both participants who progressed beyond as well as those who remained CDR 0 exhibited a similar sequence of positive symptoms on the NPI-Q. These noncognitive symptoms trend into 3 "phases": first, irritability, depression, and nighttime behavior changes; next, anxiety, appetite changes, agitation, and apathy; and last, elation, motor disturbances, hallucinations, delusions, and disinhibition. Although these trends are sequentially similar, the development of symptoms on the NPI-Q happens sooner among the patients who develop CDR .0 in follow-up. Moreover, this progression of noncognitive symptoms is similar to that described in patients with diagnosed AD dementia. Previously, the presence of more severe noncognitive symptoms, such as elation, motor disturbances, hallucinations, delusions, and disinhibition, is described in conjunction with more advanced AD dementia. 2 Our sample suggests that this arc of noncognitive changes begins in preclinical AD dementia. Such a finding corroborates our previous study, which showed that depression scores and other behavioral symptoms monitored by the NPI-Q worsen faster among individuals with preclinical AD dementia at baseline as defined by CSF biomarkers. 13 While depression measured by the NPI-Q is associated with preclinical AD dementia in this study, with the exception of memory, the occurrence of GDS items with time did not differ dramatically between participants who remained at and those who progressed beyond CDR 0. Both groups showed significant decreases in energy and interest in activities alongside an increased preference for staying home on the GDS. This discordance between the 2 surveys may reflect that the NPI-Q relies on informant report while the GDS relies on self-report. Anosognosia is common in early dementia.
14 Likewise, it is possible that a portion of participants with preclinical dementia may have anosognosia, confounding their GDS responses. Together, these NPI-Q and GDS results suggest that, among those with no depression symptoms at baseline, these symptoms may increase with the aging process regardless of incipient dementia, but may appear earlier in participants who eventually progress beyond CDR 0.
Such findings add to the conflicting studies regarding depression and dementia. It remains unclear whether depression is a psychological response to the process of AD or a manifestation of the same underlying pathology. Greater numbers of amyloid plaques and neurofibrillary tangles have been described in depressed participants at autopsy. [15] [16] [17] However, varying cross-sectional studies show that the biomarker CSF b-amyloid 1-42 is increased, 18 decreased, 19 and unrelated 20 to depression. Similarly, studies examining the association between psychological and cognitive symptoms have borne variable results. Overall, they suggest that depression may be a modest risk factor for patients with preclinical dementia. 4, 5 Although we used a large sample and frequency matching to minimize confounding variables and adequately detect significant differences between the 2 groups, there remain limitations to the study. The vast majority of participants who developed CDR .0 will exhibit pathology consistent with AD. However, invariably, some of these participants when studied at autopsy will be found to have non-AD dementing illnesses. It remains unclear whether the noncognitive changes observed on the FAQ, NPI-Q, and GDS are an epiphenomenon of dementia or whether specific symptoms are associated with distinct phenotypes. As such, signals for the latter could be lost in such a large, generalized analysis.
Because we were interested in the time of appearance of symptoms relative to each other, we restricted Time to symptoms for participants who received at least one Clinical Dementia Rating greater than 0
Kaplan-Meier curves showing time to each symptom on the (A) Neuropsychiatric Inventory Questionnaire, (B) Geriatric Depression Scale, and (C) Functional Activities Questionnaire for participants who received at least one Clinical Dementia Rating greater than 0 over the follow-up period. Curves labeled with multiple symptoms are representative of clusters of symptoms that tend to emerge at around the same time. atten. 5 attention; beh. 5 behaviors; dist. 5 disturbance; rem. appts. 5 remembering appointments. the analyses for each test to persons who had none of those symptoms at baseline. However, this means that the analyses may reflect persons who are more psychologically and functionally "healthy" than others. For example, depressive symptoms occur frequently in the older adult population. 21 We found a significantly earlier presence of positive symptoms on the NPI-Q in cognitively normal individuals who subsequently developed CDR .0. Such findings begin to delineate the noncognitive course of AD dementia in the preclinical stages. Future research must further elucidate the association between noncognitive changes and distinct subtypes of dementia. Furthermore, as the NACC database continues to grow, longer follow-up of these participants will provide additional insight into the noncognitive course of both healthy aging and dementia.
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